This study comprises the third year of the Robust Automated Knowledge Capture (RAKC) project. In the previous two years, preliminary research was conducted by collaborators at the University of Notre Dame and the University of Memphis. The focus of this preliminary research was to identify relationships between cognitive performance aptitudes (e.g., short-term memory capacity, mental rotation) and strategy selection for laboratory tasks, as well as tendencies to maintain or abandon these strategies. The current study extends initial research by assessing electrophysiological correlates with individual tendencies in strategy selection. This study identifies regularities within individual differences and uses this information to develop a model to predict and understand the relationship between these regularities and cognitive performance.
Introduction
Generally, within the realm of experimental psychology, individual differences are treated as uncontrollable statistical variability (i.e., noise). However, much like one person's junk is another person's treasure, one study's noise is another study's signal. In that spirit, the current project will seek to identify regularities within individual differences and use this information to develop a model to predict and understand the relationship between these regularities and cognitive performance. This has implications for the effectiveness of training as well as various performance enhancement technologies, as both are contingent upon the ability to adapt to the knowledge, skills, and tendencies of specific individuals.
The current research will comprise the third year of the Robust Automated Knowledge Capture (RAKC) project. In the previous two years, preliminary research was conducted by collaborators at the University of Notre Dame and the University of Memphis. The focus of this preliminary research was to identify relationships between cognitive performance aptitudes (e.g., short-term memory capacity, mental rotation) and strategy selection for laboratory tasks, as well as tendencies to maintain or abandon these strategies.
In initial studies, research focused on a simple drawing task in which participants reproduced a figure 8 as well as other drawings under varying conditions to assess when the participant might switch strategies. Prior to this drawing task, participants were administered a battery of tests to assess aptitude for different facets of cognitive performance. It was shown that participants who performed well on the Remote Associates Task (RAT), which measures the ability to see relationships between concepts and has been advanced as a measure of creativity [1] , tended to explore more alternative strategies [2] . In contrast, participants who scored high on working memory capacity attempted fewer strategies, with these attributes highly correlated with academic performance (i.e., SAT score). Perhaps most notable, based on data obtained from this study a model that incorporates both task-based (e.g., changes in task demands, time on task) and experience-based (e.g., frequency of strategy shifting, performance dips) factors has been developed that predicts on a trial-by-trial basis whether participants will shift strategies with 84% accuracy [2] .
Further research assessed whether the findings from the initial studies would generalize to a more complex task environment. For these studies, the NASA Multi-Attribute Task Battery (MAT-B) [3] was employed. This task requires participants to divide their attention between performance of four simultaneous tasks and monitoring of two information systems. In addition to behavioral performance, these studies also recorded eye movements as an indication of ongoing strategy. A detailed description of this task can be found in subsequent sections. At this time, data collection has been completed, yet data analysis is still in progress.
Current Research
The current study extends the previous research by assessing electrophysiological correlates with individual tendencies in strategy selection. This study involves a replication of the previous research, but with the addition of a battery of tests to identify individual differences in brain electrophysiological parameters. Specifically, a collection of tests has been assembled consisting of tests frequently reported in the literature for which individual differences occur for certain electrophysiological parameters (e.g., amplitude of selected electroencephalography (EEG) signals, predominant EEG frequency). It is hypothesized that individual electrophysiological parameters (e.g., ratio of variability in theta (4-7 Hz) and beta (13-20 Hz) bandwidths) will correlate with propensity to shift strategies, as well as with the responsiveness to changing stimulus conditions.
Participants are asked to complete a series of experimental tests, including the Cognitive Aptitude Battery, the Brain Electrophysiology Battery, the Figure-8 Drawing Task, and the Multi-Attribute Test Battery (see subsequent section for task details). EEG data is recorded during the Brain Electrophysiology Battery, the Figure-8 Drawing Task, the Multi-Attribute Test Battery, and three of the cognitive tasks (mental rotation, Raven's matrices, and the Stroop task) using a 128-channel EEG system manufactured by Advanced Neuro Technologies.
Participants consist of 40 employees recruited from the Sandia National Laboratories population. Participants must be 18 years or older, speak English as a first language, possess normal or corrected-to-normal vision, and must not have a history of neurological diagnosis or of head trauma (including skull fracture, brain injury, or brain surgery).
Test Batteries
As mentioned above, participants undergo a series of test batteries. Testing requires a total of approximately seven hours. What follows is a list of the test batteries and what specific tasks they entail. Test batteries are listed in the order in which they are administered. Prior to commencing testing, basic demographic information is collected.
Cognitive Aptitude Battery, 1 st Phase. During the first phase of the cognitive aptitude battery, participants complete a report of SAT and/or ACT score, the adult attention deficit hyperactivity disorder (ADHD) self-report scale, a memory span task, the Attentional Beam Task, the Remote Associates Task, the Pittsburgh Sleep Quality Index (PSQI), a video game survey, a box-folding task, the Barton/visual pattern task, the Ruff 2 & 7 Attention Task, a binary decision task, and a dual task. All of the tasks for this phase are completed on a Dell Precision M60 laptop with a screen measuring 40cm diagonal.
SAT Score. Participants are asked if they took the SAT. If they did, they are asked to report their score. If they did not, they are asked to report their ACT score. This information isused to correlate their standardized score with their performance on the other tasks.
Adult Attention Deficit Hyperactivity Disorder (ADHD) Self-Report Scale. For this task, participants are asked to fill out a questionnaire asking about attention performance and problems. This questionnaire is meant to identify those individuals who have problems concentrating their attention.
Memory Span. For the working memory span test, participants are given two sentences to read. Their task is to indicate whether each sentence is sensible or not by pressing a button labeled "yes" or "no" on a computer mouse. After both sentences have been presented, participants are asked to recall the last word from each of the sentences they just read via typing them into the computer.
Attentional Beam Task. The Attentional Beam task is illustrated in Figure 1 . Participants first gaze at a fixation point for 600ms. Then they view a stimulus, which is an array of dots, one of which is colored in, for 30ms. Afterward, a visual mask of random lines is presented for 600ms. Next, a response display is presented. The task is to indicate in which of the eight directions the darkened circle was on that trial. This is a measure of the breadth of one's visual attention focus.
Remote Associates Task (RAT). For the RAT, participants are presented with a set of three words on a computer (e.g., law, birthday, and swim). The task is to indicate whether they are related or not. This is a measure of creative thinking [1] .
Pittsburgh Sleep Quality Index (PSQI). For this task, participants are asked to fill out a questionnaire assessing their sleep satisfaction and quality [4] .
Video Game Survey. For this task, participants are asked to fill out a questionnaire assessing their video game experience. This information is important as it may dictate how well participants perform on some of the tasks [5] .
Box-folding. For this task, participants are shown a diagram of a box that has been unfolded into a flat surface. Two edges are marked and the participants must indicate whether those two edges would meet if the object were folded into a box again. This is a measure of mental rotation.
Barton/Visual Pattern Task. This task is a measure of spatial memory. On each trial, participants see a grid of squares, some of which are colored. Then, on a blank grid, they select which squares were colored. The more positions a person can correctly remember, the better their spatial memory.
Ruff 2 & 7Attention
Task. For the Ruff 2 & 7Attention Task, participants are presented with a series of strings of characters and must find all of the 2s and 7s in the string. They do this by clicking on the 2s and 7s using a computer mouse. Timing and accuracy are recorded. This is a measure of attention [6] .
Binary Decision Task. For this task, participants are shown two lights and are asked to pick which light they think will light up over multiple trials. Unbeknownst to the participants, there is a fixed probability with which the lights will light up. Over time, the participants learn this probability and learn to pick which light has the greater chance of being lit. This is a measure of decision making and learning.
Dual Task. For this task, participants are asked to follow a dot with their cursor while also listening to and remembering a list of words. This is a measure of attention.
Cognitive Aptitude Battery, 2 nd Phase. At this point, the 128-channel EEG cap is applied. Following application of the cap and attaining satisfactory electrode conductance the participant is seated in a sound attenuating booth. The booth creates a controlled environment that minimizes distractions during the study. At that point, the participant is presented with the remainder of the cognitive tasks: the mental rotation task, Raven's matrices, and the Stroop task. Tasks for this phase, and all subsequent tasks completed for the remaining duration of the study, are performed on a Wacom drawing tablet monitor with a screen measuring 55cm diagonally.
Mental Rotation. For this task, participants are presented with a series of 20 pairs of figures, such as that shown in Figure 2 . The task is to indicate whether the two figures correspond to the same object or not. The number correct that can be classified in 60 seconds is taken as a measure of mental rotation ability. This is a general measure of visual-spatial processing.
Raven's Matrices. For this task, participants are asked to solve a matrix by identifying the missing item that completes the pattern. This is a measure of abstract reasoning.
Stroop Task. In this task, participants see a series of words written in a certain color of ink and are told to respond with the color of ink. The crucial part of the experiment is that the words are color names written with an incongruent ink color (e.g., the word "BLUE" written in red ink). This is a measure of mental attention and flexibility. Battery (MAT-B) . As shown in Figure 3 , this task involves a computer program in which participants must keep track of events happening in 6 different windows of a display screen. The participant must simultaneously perform the roles of:
Multi-Attribute Test
1. System Monitoring -watching for when the values go out of normal parameters 2. Tracking -keeping a randomly moving reticule in the center using a joystick 3. Scheduling -watching for important events that come up 4. Communicating -setting radio frequencies in response to messages presented over headphones 5. Resource Managing -keeping tanks filled by opening and closing valves in a system 6. Monitoring Pump status -on or off This task requires participants to develop strategies with respect to how they divide their attention between the different displays.
Following general instructions, participants undergo a practice round for the communication task, followed by practice rounds for the system monitoring, resource management, and tracking tasks. During the practice rounds, participants only perform the specified task. Following completion of practice, participants are asked to perform all of the tasks simultaneously. Each task has a fluctuating difficulty level. EEG is recorded for the duration of the task (including practice). In addition, a Smart Eye tracking system is used along with Smart Eye Pro 5.5 software to monitor the direction of gaze of the participant relative to the display.
Brain Electrophysiology Battery. This battery includes a measure of resting EEG, an N-back task, a measure of mismatch negativity, the P300 auditory oddball, a semantic memory task, an episodic memory task, a go/no-go task, and a flanker task. EEG data is recorded for each of the measures within this battery. N-Back. The spatial position of an uppercase letter is presented pseudo randomly in one of 8 locations on a computer screen. Participants are asked to compare the position of the stimulus to the position of the stimulus presented one or more trials previously. Generally, participants do well when comparing to the immediately preceding stimulus and find it very difficult when comparing to stimuli two or more trials back [7] .
Mismatch Negativity. As participants watch a silent movie with subtitles on the computer screen, tones are presented at regular intervals through headphones. They are told to not pay attention to the tones. A standard tone (900 Hz) is presented in 85% of the instances and a deviant tone (1000 Hz) in the remaining 15%, using a semi-randomized order.
P300 Auditory Oddball. As with the mismatch negativity test, participants watch a silent movie with subtitles on the computer screen as tones are presented at regular intervals through headphones. However, for this test, participants are asked to press the "1" key every time they hear the deviant tone, as quickly and accurately as possible.
Semantic Memory. Participants are presented a series of words denoting objects (e.g. tree, car) and for each word, they are asked to press the "1" key if "living" and the "2" key if "nonliving."
Episodic Memory. Without prior warning, after a 5 minute interval following completion of the semantic memory task, participants are asked to recall as many of the words presented during the Semantic Memory task as possible. Participants are allowed to continue until they report being unable to recall any more words.
Go/No Go. Participants are presented a series of letters for 200ms each (e.g. A,B,C,D,E,F,G,H,J,L,O,X) and asked to press the "1" key every time the letter X (go trial) is presented after the letter "O" (primer trial) had been presented on the previous trial. For half the trials, the primer trial "O" is followed by a different letter (A,B,C,D,E,F,G,H,J,L) and participants have to suppress the key press (No go trial).
Flanker. Participants are presented a string of 5 letters consisting of either S's or H's (e.g., HHHHH, or SSSSS). The middle letter is the target and there are compatible strings (e.g., HHHHH or SSSSS) and incompatible strings (e.g., HHSHH or SSHSS). Participants are asked to press the "1" key if the target letter is an "S", and the "2" key if target letter is an "H," as quickly and accurately as possible.
Figure-8 Drawing Task. Following completion of the Brain Electrophysiology
Batter, participants are given a break, after which they will be presented with the Figure-8 Drawing Task. For this task, participants are presented with a series of outlines of predominantly figure 8s (various other figures are included) on a computerized drawing tablet. They are asked to use a stylus to draw outlines of the figure 8 on the tablet. Participants receive immediate feedback following each trial, and are scored based on the accuracy and speed with which they complete each trial.
Over the course of 50 trials, the figure 8 changes (such as circles moving apart) as a means to induce participants to shift drawing strategy to accommodate these changes. EEG data is collected for the duration of this task. This is a measure of strategy shifting and replicates the measures used in previous studies conducted. depict a screenshot of this task, three predominant drawing strategies, and the various morphs that tend to lead to these strategies.
Discussion
Since the time of Darwin, scientists have been aware that members of a single species may show marked differences from one another [8] . Though the concept that individual variation in behavior may create particular categories of individuals within a species has been recognized by certain disciplines (e.g., personality psychology), and for particular species (e.g., rats, pigs) [9] , the prevailing assumption in human cognitive theory and related modeling has been that cognitive processes are largely invariant across individuals and across different conditions for an individual [10] . Seeming discrepancies across studies are often attributed to within or between-subject variability that is treated as measurement error. Alternatively, we propose that this variance may be attributable to cognitive adaptability, a trait necessary to explain the inherently dynamic nature of cognitive processes as individuals adapt their available resources to ongoing circumstances. This does not imply a "blank slate"; humans are predisposed to process information in particular ways. Instead, it is asserted that given variation in the structure and functioning of the brain, there exists inherent flexibility that may be quantified and used to predict differences in cognitive performance between individuals and for a given individual over time [10] .
These assertions are based on the theoretical proposition that the brain functions as a dynamic system, involving the continuous interaction of genetic, organismic, and environmental factors [11] . Given a particular problem to solve, an individual will have access to a variety of resources. However, individuals will differentially apply the resources available to them based on aptitude, past experience, recent success/failure, etc. Thus, the study of individual differences is important in that it allows individuals to be characterized with regard to their various aptitudes (i.e., the resources they have and may differentially relay upon) and variability in strategy selection for a given task may be explained on the basis of individual differences. 
